Electroencephalogram depth of anaesthesia monitors are increasingly being used, with the aim of reducing awareness during anaesthesia. Most literature concentrates on the ability of these monitors to predict when a patient is likely to be aware. This case report highlights the opposite problem, where the monitor (M-Entropy™) indicated an awake state but the patient was in fact deeply anaesthetised. If the anaesthetist is unable to interpret the raw electroencephalogram and understand the limitations of the monitor being used, excessive doses of anaesthetic may be given with potentially serious consequences.
The role of electroencephalogram (EEG) depth of anaesthesia monitoring in clinical practice is controversial 1, 2 . Most work has concentrated on evaluating the incidence of awareness (explicit recall) despite the patient receiving apparently adequate anaesthesia [1] [2] [3] . There is little published literature about the hazards of the opposite error; where the monitor indicates an awake state but the patient is in fact deeply anaesthetised. We report a case in which the output of the M-Entropy™ system (M-entropy S/5™ module, GE Healthcare, Helsinki, Finland) confused the EEG of the awake state with the EEG of extreme burst suppression -which contributed to excessive sevoflurane administration.
CASE REPORT
A 37-year-old woman with grade 4 placenta praevia presented for elective caesarean section under general anaesthesia. Anaesthesia was induced with propofol 200 mg intravenously, followed by suxamethonium 100 mg intravenously. The patient coughed as cricoid pressure was applied and made semi-purposeful movements. A further 100 mg of propofol was given intravenously. The patient's trachea was intubated and her lungs ventilated with sevoflurane, nitrous oxide and oxygen. After intubation she was hypertensive (175/110 mmHg), tachycardic (145 bpm), lacrimating profusely and had widely dilated reactive pupils. An M-Entropy™ sensor was applied using the recommended frontal montage. The response entropy value was 98. Initially only the numerical value was displayed on the monitor screen. In response to these clinical signs and high response entropy, the inspired sevoflurane concentration was increased to 6% and the patient given midazolam 3 mg intravenously. The patient subsequently became hypotensive and two boluses of phenylephrine 100 µg were administered intravenously to restore normal haemodynamic parameters (heart rate 100 bpm and blood pressure 90/50 mmHg). Fifteen minutes after induction the monitor screen was altered to display the processed EEG waveform, which showed a flat line indicating profound burst suppression. At this time the numerical value of the response entropy was 98 but shortly thereafter dropped abruptly to 2, with no apparent change in waveform or further administration of drugs. Surgery commenced and the baby was born five minutes later, apnoeic and hypotonic. Prompt intubation by the consultant anaesthetist resulted in successful resuscitation. The neonate was taken to the newborn unit where it was extubated and observed for a few hours before being returned to the parents with no apparent evidence of ongoing sequelae. The patient was
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DISCuSSION
This case highlights the importance of being able to interpret the raw EEG waveform in the context of the clinical picture 4, 5 . The patient initially showed clinical signs of being under-anaesthetised with a corresponding high response entropy value. The delivery of sevoflurane was increased appropriately. After a period of time in which the partial pressure of sevoflurane in the brain would have equilibrated with the alveolar partial pressure 6, 7 , the patient showed clinical signs of adequate anaesthesia and had an end-tidal sevoflurane concentration of more than 1 minimum alveolar concentration, but the entropy monitor still indicated an awake state. At this point the correct response by the anaesthetist would have been to assess the raw EEG waveform and probably disregard the numerical value of the response entropy.
The response entropy varies between 0 (flat line EEG) and 100 (the awake state) 8 . The state entropy is derived from the frequency band 0.8 to 32 Hz and includes mainly EEG with a small amount of frontal electromyogram activity. The shortest time epoch for state entropy analysis is 15 seconds. The The raw EEG in the top graph displays a classical burst suppression pattern throughout the time of recording. The second graph shows the trends in the non-linear energy operator (NlEO) parameter that is used to detect the presence of EEG suppression (see text for explanation). The NlEO was calculated using Matlab from the information presented in papers by Viertiö-Oja 9 and Särkelä 10 . Presumably the sudden decrease in response entropy seen at 500 seconds is caused by the NlEO drifting below a threshold (of about 22 µV in this case). The third graph shows the extreme instability of the raw spectral entropy, which was calculated using 15 second segments of the raw EEG signal. 9 . When burst suppression occurs, the entropy module treats the part of the signal that contains the suppressed EEG as a regular signal with entropy of zero, with the entropy of the bursts being calculated in the usual way. This is done over a one-minute time interval. The algorithm to detect the presence of suppression is as follows: the baseline fluctuations are eliminated by subtracting a local average from each signal sample (the local average is obtained by computing a weighted average in a pre-determined window, using a sliding one second window) 10 . The signal is then divided into two frequency bands by filters: a high pass filter (>75 Hz) to detect artefact and a low pass filter (<25 Hz) to detect burst suppression. Signal sampling is at 200 Hz. A non-linear energy operator is applied to estimate signal power in both bands for each 0.05 second epoch 9 . Suppression is detected if: 1) the signal power is below a fixed threshold for greater than 0.05 seconds and 2) artefacts are not present. A burst suppression ratio is then calculated as the percentage of 0.05 second epochs that were considered suppressed in the last 60 seconds. We note that the non-linear energy operator method used by the M-Entropy™ module has been shown to classify EEG segments correctly only 94% of the time during propofol anaesthesia and 92.8% of the time with thiopentone 10 . In our case the M-entropy module failed to correctly detect suppressed epochs. To use the monitor safely we need to understand why it failed. From the discussion above, there are at least two possibilities.
The power of the suppressed (flat line) part of 1.
'EEG signal' was greater than the threshold. This might arise from either electrical interference or a variety of true physiological reasons. Clearly the threshold in this monitor is set too low for some patients and situations. Artefacts are detected as being present, which 2.
prevents the algorithm recognising the burst suppression. Is the M-Entropy algorithm too sensitive to artefacts?
We did not have a recording of the raw and processed EEG from this case, but we have noted this phenomenon in quite a number of other cases. A similar example that was able to be recorded is shown in Figure 1 .
As shown in Figure 1 , our calculation of the non-linear energy operator did show a progressive decrease in its value during the period of EEG burst suppression. Presumably, at the point when it dropped below a threshold value (of about 22 µV) it triggered the burst suppression recognition in the monitor. This is a plausible but unproven explanation for our original case.
The one minute processing time used to detect burst suppression results in a short delay in the entropy numerical value reading, but does not explain the approximate eight minute period of burst suppression on EEG, seen in Figure 1 , that was undetected by the M-entropy algorithm.
In summary, this case highlights the limitations of the M-Entropy™ depth of anaesthesia monitoring system in the detection of the burst suppression pattern. The overall outcome of this case was good, with mother and baby doing very well. However, it serves to illustrate the pitfalls of being guided by a single monitor to gauge depth of anaesthesia. As with all patient monitors, the information provided by an M-entropy™ monitor must be interpreted within the clinical context and questioned when it steers the anaesthetist in a direction that would not be their usual practice.
